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Human phospholipid scramblase (PLSCR) 1 expression is strongly activated in response to interferon
(IFN) treatment and viral infection, and PLSCR1 is necessary for the IFN-dependent induction of gene
expression and antiviral activity. We show here that PLSCR1 directly interacts with human T-cell
leukemia virus type-1 (HTLV-1) Tax in vitro and in vivo. This interaction reduced the cytoplasmic
distribution of Tax. PLSCR1 efﬁciently repressed the Tax-mediated transactivation of the HTLV-1 long
terminal repeat and the NF-kB binding site reporter constructs in an interaction-dependent manner in
COS-1 and Tax-producing HTLV-1-infected T cell lines. Furthermore, we show that PLSCR1 repressed
the homodimerization of Tax in vitro. These data reveal for the ﬁrst time that PLSCR1 speciﬁcally
interacts with HTLV-1 Tax and negatively regulates its transactivation activity by altering the
subcellular distribution and the homodimerization of Tax. PLSCR1 may play an important role in the
IFN-mediated repression of Tax-dependent transactivation during HTLV-1 infection.
& 2012 Elsevier Inc. All rights reserved.Introduction
Human phospholipid scramblase (PLSCR) 1 was identiﬁed as an
enzyme involved in the calcium-dependent, nonspeciﬁc, and rapid
redistribution of phospholipids (Zhou et al., 1997). However, further
studies have suggested that PLSCR1 is not involved in the redis-
tribution of phospholipids when a perturbation of the plasma
membrane asymmetry is required following cell activation, injury,
or apoptosis (Bevers and Williamson, 2010; Suzuki et al., 2010).
Recent studies suggest that PLSCR1 plays an important role in cell
signaling (Sahu et al., 2007). PLSCR1 interacts with several signaling
molecules, including the epidermal growth factor receptor, src, shc,
c-Abl, and onzin (Sun et al., 2002; Li et al., 2006). Overexpression of
PLSCR1 has been reported to inhibit tumorigenesis, promote apop-
tosis, and facilitate the differentiation of myeloid cells (Silverman
et al., 2002; Zhou et al., 2002; Yu et al., 2003). Human PLSCR1
expression is robustly induced in response to interferon (IFN)
treatment and viral infection (Der et al., 1998; Dong et al., 2004;
Zhao et al., 2005). In addition, PLSCR1 is necessary for the IFN-
dependent induction of gene expression and antiviral activity, and
PLSCR1 has been suggested to play an important role in the IFN-
dependent antiviral responses (Dong et al., 2004).
Human T-cell leukemia virus type-1 (HTLV-1) is the etiological
agent of adult T-cell leukemia/lymphoma and neurodegenerativell rights reserved.
c.jp (S. Kusano).diseases (Yoshida et al., 1982; Osame et al., 1986). HTLV-1 encodes a
transactivator protein called Tax that is required for the high-level
transcription of the provirus. The homodimeric form of Tax
enhances the expression of HTLV-1 through target sequences in
the 50 long terminal repeat (LTR) by interacting with several cellular
factors such as the cAMP response element binding protein (CREB)
and CBP/p300 (Jin and Jeang, 1997; Boxus et al., 2008; Nyborg et al.,
2010; Simonis et al., 2012). Furthermore, Tax activates intracellular
signaling pathways, such as nuclear factor (NF)-kB, mitogen-acti-
vated kinases, and phosphatidylinositol 3-kinase, through protein-
protein interaction (Boxus et al., 2008; Simonis et al., 2012). Tax is
thought to play a critical role in the transforming properties of the
virus by deregulation of intracellular signaling pathways
(Grassmann et al., 2005; Boxus et al., 2008; Simonis et al., 2012).
Consistent with both nuclear and cytoplasmic functions of Tax, Tax
is localized in both compartments in HTLV-1-infected and Tax-
transfected cells (Tsuji et al., 2007). This unique intracellular
distribution pattern of Tax is thought to be an important for its
transforming activity (Boxus et al., 2008; Huang et al., 2009; Simonis
et al., 2012).
In this report, we show that PLSCR1 directly and speciﬁcally
interacts with the amino-terminal region of HTLV-1 Tax through
its 1-100 and 200–250 amino acid regions. This interaction
reduces the cytoplasmic distribution of Tax. Overexpression of
PLSCR1 reduces Tax-dependent transactivation of the HTLV-1 LTR,
and shRNA-mediated suppression of endogenous PLSCR1 expression
increases the Tax-dependent transactivation of the HTLV-1 LTR. In
addition, PLSCR1 represses the homodimerization of Tax, which is
S. Kusano, Y. Eizuru / Virology 432 (2012) 343–352344necessary for efﬁcient transactivation of LTR (Jin and Jeang, 1997)
in vitro. Furthermore, overexpression of PLSCR1 also reduces the
Tax-dependent transactivation of an NF-kB-regulated reporter con-
struct in an interaction-dependent manner. These data reveal for the
ﬁrst time that PLSCR1 speciﬁcally interacts with HTLV-1 Tax and
negatively regulates its transactivation by affecting the subcellular
distribution and the homodimerization of Tax.Results
PLSCR1 interacts with the amino-terminal region of HTLV-1 Tax
Human PLSCR1 expression is induced in response to IFN treatment
and viral infection (Der et al., 1998; Dong et al., 2004; Zhao et al.,
2005). We determined the expression levels of PLSCR1 in the
presence and absence of IFN treatment. The basal expression levels
of PLSCR1 were signiﬁcantly lower in all cell lines tested, including
the non-Tax-producing HTLV-1-infected ATL cell line S1T (ArimaTax
PLSCR1
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Fig. 1. PLSCR1 directly interacts with the amino-terminal region of HTLV-1 Tax. (A) Sc
tags at the amino-termini. The structural motifs of Tax are indicated as follows: CREB-b
p300/CBP-binding domain; Dimerization, homodimerization domain; Activation, tran
translated in vitro in a 100 ml reaction volume. Then, 25 ml of reticulocyte lysate trans
bacterial lysates and incubated with S-protein beads to precipitate PLSCR1. Followin
precipitated complexes were divided into two portions and subjected to SDS-PAGE and
Stag antibody for PLSCR1 or with an anti-HA tag antibody for Tax. (C) HA2-Tax, HA2-
translated in vitro in a 100 ml reaction volume. Then, 25 ml of reticulocyte lysates tran
pET32a(þ)- or pET-S-PLSCR1 and incubated with S-protein beads to precipitate PLSCR1
pcDNA3 or 3M-PLSCR1 and 3 mg of pcDNA3, 3FG-Tax, or 3FG-Tax(2-115). A total of 300
Tax(2-115). Following pull-down, 15 mg of total cell lysate and the precipitated comple
with anti-FLAG M2 antibody for Tax and Tax(2-115) or with anti-myc antibody for PLet al., 2004), in the absence of IFN treatment. However, PLSCR1
expression was markedly induced in all cell lines in the presence of
IFN-a-2b (Fig. S1), which is consistent with previous reports (Dong
et al., 2004; Zhao et al., 2005). We previously reported that PLSCR1 is
a cellular target of the hypothetical Epstein-Barr virus nuclear protein
RK-BARF0 (Thornburg et al., 2004). Furthermore, PLSCR1 negatively
regulates vesicular stomatitis virus, encephalomyocarditis virus and
hepatitis B virus replication (Dong et al., 2004; Yang et al., 2012). It is
possible that PLSCR1may also negatively regulate the transcription of
HTLV-1. To determine if there is any interaction between PLSCR1 and
the HTLV-1 encoding Tax protein, two HA epitopes-tagged Tax
construct encoding amino acids 2-353 (HA2-Tax) (Fig. 1A) was
synthesized in vitro. Then, a reticulocyte lysate was mixed with the
lysates of bacteria transformed with the full-length PLSCR1 tagged
with the trxA and S epitopes (pET-S-PLSCR1) or empty vector.
Proteins were pulled down using S-protein beads to precipitate
PLSCR1. Immunoblot analysis of the PLSCR1-containing complexes
revealed that Tax was efﬁciently co-precipitated with PLSCR1 (Fig. 1B,
lane 5), whereas the empty vector-transformed lysates precipitatedDirect Loading
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transferred to PVDF membranes. Immunoblotting (IB) was performed with an anti-
Tax(2-115), HA2-Tax(116-250), or HA2-Tax(251-353) (2 mg) were transcribed and
slated in vitro were mixed with 50 mg of lysates from bacteria transformed with
. IB was carried out as in panel B. (D) COS-1 cells were transfected with 1.5 mg of
mg of total cell lysate was incubated with anti-FLAG M2 beads to precipitate Tax or
xes were divided into two portions and subjected to SDS-PAGE. IB was performed
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S. Kusano, Y. Eizuru / Virology 432 (2012) 343–352 345only a trace amount of PLSCR1 (Fig. 1B, lane 4). This result indicated
that PLSCR1 directly interacts with Tax in vitro.
Tax modulates the activity of a number of cellular proteins
through direct protein–protein interaction. To identify which regions
of Tax are involved in this interaction, HA2-Tax, HA2-Tax(2-115)
encoding amino acids 2-115, HA2-Tax(116-250) encoding amino
acids 116-250, and HA2-Tax(251–353) encoding amino acids 251–
353 (Fig. 1A) were synthesized in vitro. Then, Tax and Tax mutant
reticulocyte lysates were mixed with lysates from bacteria trans-
formed with either pET-S-PLSCR1 or the empty vector, and the pull-
down was performed using S-protein beads to precipitate PLSCR1.
Immunoblot analysis of the PLSCR1-containing complexes revealed
that Tax and Tax(2-115) were efﬁciently co-precipitated with PLSCR1
(Fig. 1C, lanes 11 and 12). However, only trace amounts of Tax(251-
353) were detected in the PLSCR1-containing complex, and the
amount of Tax(251-353) was almost identical to that in the empty
vector-transformed bacteria lysate complex (Fig. 1C, lanes 10 and 14).
These observations revealed that PLSCR1 binds to Tax in vitro and the
binding is mediated by the amino-terminal 2-115 region of Tax.S- or 3M-PLSCR1(158-318)
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Fig. 2. PLSCR1 interacts with HTLV-1 Tax through its 1–100 and 200–250 amino acid r
containing the epitope tags at the amino-termini. The structural motifs of PLSCR1 are i
signal; TM, transmembrane domain (Li et al., 2006). (B) According to DISPROT VSL2P (
predicted ID regions of PLSCR1 are underlined. (C) COS-1 cells were transfected with 2 m
PLSCR1(158-318) or 3M-PLSCR1(160-250). A total of 300 mg of total cell lysate was in
down, 30 mg of total cell lysate and the precipitated complexes were divided into two po
or with anti-Stag antibody for PLSCR1 and mutants. (D) Bacterial lysates were mixed an
Hyg or pTE-S-Tax lysates and 200 mg of pTriEx-3-Hyg, pTE-3M-PLSCR1(1-163), pTE-3M
total bacterial lysates and the precipitated complexes were divided into two portions a
with anti-myc antibody for PLSCR1 mutants. (E) Bacterial lysates were mixed and incub
pTE-S-Tax lysates and 50 mg of pTriEx-3-Hyg, pTE-3M-PLSCR1(160-250), pTE-3M-PLSC
total bacterial lysates and the precipitated complexes were divided into two portionsTo conﬁrm this interaction in vivo, Tax and Tax(2-115) were
expressed, and their binding to PLSCR1 was tested in COS-1 cells.
Immunoblot analysis of the precipitated complexes revealed that
Tax and Tax(2-115) efﬁciently co-precipitated with PLSCR1
(Fig. 1D, lanes 7 and 8). Only trace amounts of PLSCR1 were
detected from the empty vector-transfected cells (Fig. 1D, lane 6).
These data indicated that Tax also binds to PLSCR1 in vivo and
that the amino-terminal 2-115 amino acid region of Tax is also
sufﬁcient for this in vivo interaction.PLSCR1 contains two binding regions for Tax
PLSCR1 contains several functional domains, including an
N-terminal transactivation domain, a cysteine-rich palmitoylation
site, an Onzin interaction-mediated apoptosis-inducible domain,
a nuclear localization signal (NLS), and a predicted type 2b
transmembrane domain (Fig. 2A) (Li et al., 2006). In addition,
PLSCR1 contains many proline (n¼39), serine (n¼26) and glycineTax
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S. Kusano, Y. Eizuru / Virology 432 (2012) 343–352346(n¼19) residues that are known to promote structural disorder
(Radivojac et al., 2007) and PLSCR1 is predicted to contain three
intrinsically disordered (ID) regions according to the DISPROT
VSL2P predictor program (Peng et al., 2006) (Fig. 2B).
To identify the regions of PLSCR1 that are involved in this
interaction, full-length or truncated mutants encoding amino
acids 1-163, 158-318, or 160-250 of PLSCR1, respectively, were
expressed and assayed for Tax binding in COS-1 cells. Immuno-
blot analysis of the precipitated complexes revealed that all of the
truncated mutants of PLSCR1 efﬁciently co-precipitated with Tax,
as did the full-length PLSCR1 in vivo (Fig. 2C, lanes 9-12). These
observations revealed that the 1-163 and 160–250 amino acid
regions of PLSCR1 are sufﬁcient for this interaction.
The 1-163 and 160-250 amino acid regions of PLSCR1 were
suggested to contain the ID regions (Fig. 2B). The ID regions confer
the conformational ﬂexibility that facilitates post-translational
modiﬁcations and enables a protein to functionally interact with
many target proteins (Dunker et al., 2005; Radivojac et al., 2007).
To identify whether these ID regions of PLSCR1 are involved in the
interaction with Tax, expression plasmids with three myc-epi-
tope-tagged (3M) PLSCR1 mutants encoding amino acids 1-100
(3M-PLSCR1(1-100)), 95-163 (3M-PLSCR1(95-163)), 160-205
(3M-PLSCR1(160-205)) and 200-250 (3M-PLSCR1(200-250)) were
constructed. Because these PLSCR1 mutants are expressed poorly
in human cell lines (data not shown), 3M-PLSCR1(1-163), 3M-
PLSCR1(1-100), 3M-PLSCR1(95-163), 3M-PLSCR1(160-250), 3M-
PLSCR1(160-205) and 3M-PLSCR1(200-250) were expressed in E.
coli. First, lysates from bacteria expressing S epitope-tagged Tax
encoding amino acids 2-353 (S-Tax) and 3M-PLSCR1(1-163), 3M-
PLSCR1(1-100), or 3M-PLSCR1(95-163) were mixed, and the
protein pull-down was conducted using S-protein beads to pre-
cipitate Tax. Immunoblot analysis of the total lysates revealed the
efﬁcient expression of all constructs (Fig. 2D, lanes 1-5). Further,
Tax-containing complexes revealed that PLSCR1(1-163) and
PLSCR1(1-100) mutants were co-precipitated with Tax (Fig. 2D,
lanes 11 and 12). However, PLSCR1(95–163) was not detected in
the precipitated complex (Fig. 2D, lane 13). This observation
indicated that the 1-100 amino acid region of PLSCR1, which
has been suggested to be a long ID region, binds to Tax. Next,
S-Tax-expressing bacterial lysates and 3M-PLSCR1(160-250), 3M-
PLSCR1(160-205), or 3M-PLSCR1(200-250)-expressing bacterial
lysates were mixed, and the protein pull-down was conducted
using S-protein beads to precipitate Tax. Immunoblot analysis of
the total lysates again revealed the efﬁcient expression of all
constructs (Fig. 2E, lanes 1–5). Further, analysis of the Tax-
containing complexes revealed that the PLSCR1(160-250) and
PLSCR1(200-250) mutants were co-precipitated with Tax
(Fig. 2E, lanes 11 and 13). However, PLSCR1(160-205) was not
detected in the precipitated complex (Fig. 2E, lane 12). This
observation indicated that the 160–250 amino acid region of
PLSCR1 contains another Tax binding site.of 3FG-Tax or pcDNA3. The cells were stained using an anti-FLAG M2 antibody
for Tax (green) and an anti-myc antibody for PLSCR1 or its mutants (red).
The cell nuclei were stained with DAPI. The stained images were acquired
with an FV500 confocal laser scanning microscope (Olympus), images were
merged using FLUOVIEW software (Olympus). (B) COS-1 cells were transfected
with 100 ng of 3FG-Tax and 150 ng of 3M-PLSCR1, 3M-PLSCR1 (1-163), or
3M-PLSCR1 (160-250). Staining and acquiring of the images were carried
out as in panel A. (C) COS-1 cells were transfected with 1.0 mg of 3FG-Tax and
3.5 mg of pcDNA3 or 3M-PLSCR1. Whole cell extractions and subcellular fractiona-
tions were performed as described in the Materials and methods. Equal volumes of
the whole cell lysate and the cytoplasmic and nuclear fractions were subjected to
SDS-PAGE. IB was performed with an anti-FLAG M2 antibody for Tax, an anti-
Stag antibody for PLSCR1, and an anti-G3PDH for G3PDH (as a cytoplasmic
marker). The levels of Tax in the whole cell lysates were deﬁned as 1.0 for each of
the transfected samples. The band intensities on the immunoblots were quantiﬁed
using ImageJ software. W, whole cell lysate. C, cytoplasmic fraction. N, nuclear
fraction.PLSCR1 reduces the cytoplasmic distribution of Tax
PLSCR1 is typically localized at the plasma membrane and in
various internal membrane pools; however, PLSCR1 also localizes
to the nucleus in response to cytokine stimulation (Wiedmer
et al., 2003). Tax has also been reported to localize to both the
cytoplasmic and nuclear compartments in HTLV-1-infected and
Tax-transfected cells (Tsuji et al., 2007). To further investigate this
distribution, we assessed the intracellular location of Tax and
PLSCR1 using immunoﬂuorescence analysis. Consistent with pre-
vious observations, Tax was detected in the both the cytoplasm
and nucleus when PLSCR1 was absent (Fig. 3A). PLSCR1,
S. Kusano, Y. Eizuru / Virology 432 (2012) 343–352 347PLSCR1(1-163) and PLSCR1(160-250) were also found throughout
the cytoplasm and nucleus (Fig. 3A). As the NLS is located in the
257-266 amino acid region of PLSCR1 (Ben-Efraim et al., 2004),
the detection of PLSCR1(1-163) and PLSCR1(160-250) in the
nucleus was very surprising. Because nuclear pore complexes
are known to allow for the passive diffusion of small proteins
(o40 kDa) (Lange et al., 2007), we hypothesize that these PLSCR1
mutants must be translocated into the nucleus by non-speciﬁc
diffusion. Interestingly, most of the Tax was detected in the
nucleus in cells co-expressing Tax and PLSCR1 (Fig. 3B). However,
lower levels of Tax were still detected in the cytoplasm in cells co-
expressing Tax and PLSCR1(1-163) or PLSCR1(160-250) (Fig. 3B).
To conﬁrm this PLSCR1-mediated nuclear stabilization of Tax
using subcellular fractionation, Tax and PLSCR1 were expressed in
COS-1 cells. Immunoblotting of the whole cell lysates and the
cytoplasmic and nuclear fractions indicated that glyceraldehyde-
3-phosphate dehydrogenase (G3PDH) was hard to detect in the
nuclear fractions, which demonstrated the accuracy of the frac-
tionation (Fig. 3C, Bottom panel). PLSCR1 was efﬁciently detected
in the cytoplasmic and nuclear fractions, and the levels of PLSCR1
in the nuclear fraction were slightly higher than levels in the
cytoplasmic fraction (Fig. 3C, Middle panel). The levels of Tax inFig. 4. Overexpression of PLSCR1 repressed Tax-mediated transactivation of HTLV-1 LTR
of MT-2-LTR-pGL4.10, 2 ng of pGL4.75, 60 ng of pcDNA3 or S-Tax, and 60 ng of 3M-PL
amount of plasmid transfected was equalized by the addition of pcDNA3. After 48 h o
ﬁreﬂy luciferase/Renilla luciferase activity ratio of cells transfected with the vector onl
experiments, and the error bars indicate standard deviations. The results are also shown
transfected PLSCR1 and the mutants were monitored by IB using 1/10 of the volum
(TRCN56271) or non-target shRNA control SHC002 were transfected with 150 ng of MT
2000 units/ml of IFN-a-2b (Medical and Biological Laboratories). Forty-eight hours a
measurement and normalization of the activities of ﬁreﬂy luciferase and Renilla lucifera
activation of relative values. The expression levels of endogenous PLSCR1 and Actin we
were electroporated with 0.5 mg of MT-2-LTR-pGL4.10, 20 ng of pGL4.75, and 1.5 mg
luciferase activity was determined. The measurement and normalization of the activiti
panel A. The data represent the average relative values from ﬁve experiments, and thethe cytoplasmic fraction were observed to be approximately
2-fold higher than found in the nuclear fraction in the absence
of PLSCR1 (Fig. 3C, Top panel). However, the expression of PLSCR1
resulted in a shift in the localization of Tax from the cytoplasm to
the nucleus at equal levels (Fig. 3C, Top panel). This observation is
consistent with the results from our immunoﬂuorescence analy-
sis, and PLSCR1 reduces the cytoplasmic distribution of Tax. These
observations revealed that PLSCR1 is mainly co-localized with Tax
in the nucleus, and this interaction signiﬁcantly reduced the
cytoplasmic distribution of Tax. These data also indicated that
the Tax-binding region of PLSCR1 is sufﬁcient for reducing the
cytoplasmic distribution of Tax, but the full-length PLSCR1 is
required for an effective reduction.
PLSCR1 represses Tax-dependent transactivation of the HTLV-1 LTR
To elucidate the functional relevance of the PLSCR1Tax complex
formation on the Tax-mediated transactivation of the HTLV-1 LTR,
we determined the activity of a luciferase reporter plasmid under
the control of the HTLV-1 50LTR in the presence of S-Tax and 3M-
PLSCR1, 3M-PLSCR1(1-163), or 3M-PLSCR1(160-250) in COS-1 cells.
In the presence of Tax, the luciferase activity was increased byin an interaction-dependent manner. (A) COS-1 cells were transfected with 60 ng
SCR1 or 60 ng or 240 ng of 3M-PLSCR1(1-163) or 3M-PLSCR1(160-250). The total
f transfection, cells were lysed, and their luciferase activity was determined. The
y was deﬁned as 100%. The data represent the average relative values from three
as the fold activation of relative values within the graph. The expression levels of
e of the total cell lysates. (B) COS-1 cells that stably express shRNA for PLSCR1
-2-LTR-pGL4.10, 2 ng of pGL4.75 and 120 ng of pcDNA3 or S-Tax in the presence of
fter transfection, cells were lysed, and luciferase activity was determined. The
se in each cell line were performed as in panel A. The results are shown as the fold
re monitored by IB using 1/10 of the volume of the total cell lysates. (C) K3T cells
of pcDNA3 or 3M-PLSCR1. After 24 h of transfection, cells were lysed, and their
es of ﬁreﬂy luciferase and Renilla luciferase in each cell line were performed as in
error bars indicate standard deviations.
S. Kusano, Y. Eizuru / Virology 432 (2012) 343–3523485.4-fold (Fig. 4A, lanes 1 and 7), and PLSCR1 effectively decreased
this to near basal levels (Fig. 4A, lanes 2 and 8). PLSCR1(1-163) also
effectively decreased the luciferase activity by approximately 2-fold
(Fig. 4A, lanes 3, 4, 9 and 10). However, PLSCR1(160-250) decreased
the Tax-stimulated luciferase activity by 3.7-fold even when an
excess amount of protein was expressed by transfecting the cells
with 4 times more DNA (Fig. 4A, lanes 6 and 12). As compared to
Tax expression alone, PLSCR1(160-250) expression decreased the
Tax-stimulated luciferase activity to approximately 70% (Fig. 4A,
lanes 1, 6, 7 and 12). PLSCR1(160-250) was considered to weakly
repress the Tax-dependent transcription of the HTLV-1 LTR. These
observations revealed that the Tax-binding region of PLSCR1 is
sufﬁcient for repressing the Tax-dependent transactivation of the
HTLV-1 LTR, but the amino-terminal binding region of PLSCR1 is
required for effective repression.
To conﬁrm this PLSCR1-mediated repression of Tax-dependent
transcription from the HTLV-1 LTR, PLSCR1 expression levels were
stably decreased in COS-1 cells with shRNA. PLSCR1-speciﬁc
TRCN56271, or the non-target control SHC002 shRNA plasmids
were transfected into COS-1 cells, and stably transfected pools
were obtained by puromycin selection. Then, shRNA-stably
expressing COS-1 cells were transfected with a luciferase reporter
plasmid under the control of the HTLV-1 50LTR with or without
S-Tax in the presence of IFN-a-2b. In the presence of Tax, the
luciferase activity was increased by 6.6-fold in non-target shRNA-
expressing cells (Fig. 4B, lanes 1 and 2). However, PLSCR1-speciﬁcV
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Fig. 5. PLSCR1 repressed the homodimerization of Tax in vitro. (A) Bacterial lysates were
pTE-HA2-Tax(116-250), 150 mg of pTriEx-3-Hyg or pTE-S-Tax lysates, and 300 mg of pTr
of total bacterial lysates and the precipitated complexes was divided into three portion
Tax, with the anti-HA antibody for Tax(116-250), or with the anti-myc antibody for PLS
were quantiﬁed using ImageJ software, and the levels of full-length or truncated Tax fro
and Tax(116-250) were deﬁned as 1.0. N.D. (not detected). (B) Bacterial lysates were m
pTE-3M-PLSCR1, 100 mg of pTriEx-3-Hyg or pTE-S-Tax lysates and 150 or 300 mg of pTE
of pTriEx-3-Hyg lysate. Following pull-down, 2 mg of total bacterial lysates and the prec
was performed with the anti-Stag antibody for Tax, with the anti-HA antibody for Tax
Tax and PLSCR1 were quantiﬁed using ImageJ software, and the levels of full-length Tax
full-length Tax and PLSCR1 were deﬁned as 1.0. N.D. (not detected).shRNA expression signiﬁcantly increased the luciferase activity by
approximately 11-fold in the presence of Tax (Fig. 4B, lanes 3 and
4). Immunoblotting of total cell lysates conﬁrmed that the
PLSCR1-shRNAs signiﬁcantly repressed the IFN-mediated stimu-
lation of PLSCR1 expression (Fig. 4B). This observation also
indicated that PLSCR1 expression represses the Tax-mediated
transactivation of the HTLV-1 LTR.
Next, we asked whether PLSCR1 repressed Tax-mediated
transcription in Tax-producing HTLV-1-infected T cells. We ﬁrst
determined the expression levels of PLSCR1 in the Tax-producing
HTLV-1-infected T cell line K3T (Arima et al., 2004). In contrast
with the human T-lymphoma cell line, MOLT-4, the basal expres-
sion levels of PLSCR1 were signiﬁcantly lower in the K3T cell line
(Fig. S2). In addition, PLSCR1 expression was hardly induced in
the K3T cell line in the presence of IFN-a-2b (Fig. S2). Because Tax
inhibits the IFN signaling pathway in T cells (Charoenthongtrakul
et al., 2011), the IFN-mediated induction of PLSCR1 must be
repressed by Tax in K3T cells. Because the K3T cell line is difﬁcult
to transfect, we performed the reporter assay due to its high
sensitivity. K3T cells were transfected with a luciferase reporter
plasmid under the control of the HTLV-1 50LTR in the absence and
presence of 3M-PLSCR1. The expression of PLSCR1 efﬁciently
decreased the luciferase activity to approximately 40% in the
K3T cells (Fig. 4C). This observation revealed that PLSCR1 expres-
sion efﬁciently decreased transcription from the 50LTR in Tax-
producing HTLV-1-infected cells.V
ec
to
r
pT
E
-S
-T
ax
pT
E
-3
M
-P
L
SC
R
1
pT
E
-H
A
2-
T
ax
(1
16
-2
50
)
V
ec
to
r
pT
E
-H
A
2-
T
ax
(1
16
-2
50
)
pT
E
-H
A
2-
T
ax
(1
16
-2
50
)
V
ec
to
r
1 2 3 4 5 6 7 8
IB: S•tag
IB: HA
Tax
Tax(116-250)
PLSCR1
Relative Intensity N.D. 1.0 1.0 0.98
IB: myc
Relative Intensity 0.09 1.0 0.50 0.17
V
ec
to
r
pTE-S-Tax
pTE-3M-PLSCR1
Direct Loading Pull-down byS-protein beads
mixed and incubated with S-protein beads to precipitate Tax as follows: 150 mg of
iEx-3-Hyg, pTE-3M-PLSCR1, or pTE-3M-PLSCR1(1-163). Following pull-down, 2 mg
s and subjected to SDS-PAGE. IB was performed with the anti-Stag antibody for
CR1 and the mutant. The intensities of full-length and the truncated mutant of Tax
m the precipitate complex from bacterial lysates transformed with full-length Tax
ixed and incubated with S-protein beads to precipitate Tax as follows: 100 mg of
-HA2-Tax(116-250), and the total amount of protein was equalized by the addition
ipitated complexes was divided into three portions and subjected to SDS-PAGE. IB
(116-250), or with the anti-myc antibody for PLSCR1. The intensities of full-length
and PLSCR1 from the precipitate complex from bacterial lysates transformed with
S. Kusano, Y. Eizuru / Virology 432 (2012) 343–352 349PLSCR1 reduces the homodimerization of Tax in vitro
For the efﬁcient transactivation of HTLV-1 LTR, Tax homodi-
merizes through its 127–228 amino acid region and interacts
with CREB and the target sequences in the 50LTR in the HTLV-1
genome (Tie et al., 1996; Jin and Jeang, 1997). To determine
whether PLSCR1 affects Tax homodimerization, the S epitope-
tagged full-length Tax (S-Tax), 3 FLAG epitope-tagged dimeriza-
tion domain of Tax (3FG-Tax(116-250)), 3M-PLSCR1, and 3M-
PLSCR1(1-163) were expressed in E. coli. Immunoblot analysis of
total bacterial lysates showed the efﬁcient expression of all
constructs (Fig. 5A, lanes 1-5). These lysates were then mixed,
and the protein pull-down was performed using S-protein beads
to precipitate the full-length Tax. Immunoblot analysis of the full-
length Tax-containing complexes revealed that equivalent
amounts of the full-length Tax were precipitated with S-protein
beads (Fig. 5A, lanes 7-9). Consistent with the present data using
COS-1 cell lysates, PLSCR1 and PLSCR1(1-163) were efﬁciently co-
precipitated with the full-length Tax in vitro (Fig. 5A, lanes 8 and
9). As previously shown, Tax(116-250) was efﬁciently co-precipi-
tated with the full-length Tax in the presence of empty vector-
transformed lysate in vitro (Fig. 5A, lane 7) (Jin and Jeang, 1997).
However, the PLSCR1 and PLSCR1(1-163) lysates signiﬁcantly
decreased Tax(116-250) co-precipitation with the full-length
Tax (Fig. 5A, lanes 8 and 9). This observation revealed that PLSCR1
represses the in vitro homodimerization of Tax through competi-
tion with Tax(116-250), and the amino-terminal binding region of
PLSCR1 is sufﬁcient for this repression.Fig. 6. Overexpression of PLSCR1 repressed the Tax-mediated transactivation of NF-k
transfected with 80 ng of NFkB-pGL4.10, 2 ng of pGL4.75, 60 ng of pcDNA3 or HA2-
PLSCR1(160-250). The total amount of plasmid transfected was equalized by the add
luciferase and Renilla luciferase were performed as in Fig. 4A. The results are shown as
and mutants were monitored by IB using 1/10 of the volume of the total cell lysates. (
1.5 mg of pcDNA3 or 3M-PLSCR1. After 24 h of transfection, cells were lysed, and thei
activities of ﬁreﬂy luciferase and Renilla luciferase in each cell line were performed as in
the error bars indicate standard deviations.To conﬁrm this competitive interaction of PLSCR1 and
Tax(116-250) with the full-length Tax, S-Tax-, 3FG-Tax(116-
250)-, and 3M-PLSCR1-expressing bacterial lysates were mixed,
and pull-downs were performed using S-protein beads to pre-
cipitate the full-length Tax. Immunoblot analysis of the full-
length Tax-containing complexes revealed that equivalent
amounts of the full-length Tax were precipitated with S-protein
beads (Fig. 5B, lanes 6-8), and PLSCR1 was efﬁciently co-precipi-
tated with the full-length Tax in vitro in the absence of the
Tax(116-250) lysate (Fig. 5B, lane 6). However, the Tax(116-
250) lysate signiﬁcantly decreased PLSCR1 co-precipitation with
the full-length Tax in a dose-dependent manner (Fig. 5B, lanes
7 and 8). This observation conﬁrmed that PLSCR1 competes with
Tax(116-250) for binding to the full-length Tax in vitro.
PLSCR1 represses the Tax-dependent transactivation of NF-kB-
regulated reporter constructs
Tax-dependent NF-kB activation occurs in the cytoplasm
(Nicot et al., 1998), and our experiments revealed that PLSCR1
reduces the cytoplasmic distribution of Tax (Fig. 3). To determine
the effect of PLSCR1 on the Tax-mediated transactivation of NF-
kB, we investigated the activity of a luciferase-reporter plasmid
under the control of NF-kB in the presence of HA2-Tax and 3M-
PLSCR1, 3M-PLSCR1(1-163), or 3M-PLSCR1(160-250) in COS-1
cells. In the presence of Tax, the luciferase activity was increased
by 2.7-fold (Fig. 6A, lanes 1 and 7), and PLSCR1 effectively
decreased this activity to near basal levels (Fig. 6A, lanes 2 andB signaling pathway in an interaction-dependent manner. (A) COS-1 cells were
Tax, and 60 ng of 3M-PLSCR1 or 60 ng or 240 ng of 3M-PLSCR1(1-163) or 3M-
ition of pcDNA3. The measurement and normalization of the activities of ﬁreﬂy
the fold activation of relative values. The expression levels of transfected PLSCR1
B) K3T cells were electroporated with 0.5 mg of NFkB-pGL4.10, 20 ng of pGL4.75,
r luciferase activity was determined. The measurement and normalization of the
Fig. 4C. The data represent the average relative values from ﬁve experiments, and
S. Kusano, Y. Eizuru / Virology 432 (2012) 343–3523508). However, PLSCR1(1-163) and PLSCR1(160-250) weakly
decreased the luciferase activity by approximately 1.5-fold and
2-fold even when an excess amount of protein was expressed by
transfecting the cells with 4 times more DNA, respectively
(Fig. 6A, lanes 3, 4, 9 and 10). These observations revealed that
the Tax-binding region of PLSCR1 is sufﬁcient for repressing the
Tax-dependent transactivation of NF-kB, but the full-length
PLSCR1 is required for effective repression.
Next, we asked whether PLSCR1 repressed NF-kB activation in
Tax-producing HTLV-1-infected cells by investigating the activity
of a luciferase-reporter plasmid under the control of NF-kB in the
absence and presence of 3M-PLSCR1 in K3T cells. The expression
of PLSCR1 efﬁciently decreased the luciferase activity to approxi-
mately 40% in K3T cells (Fig. 6B). This observation revealed that
PLSCR1 expression efﬁciently decreased the NF-kB activation in
Tax-producing HTLV-1-infected cells.Discussion
This work revealed for the ﬁrst time that PLSCR1 interacts
directly with HTLV-1 Tax in vitro and in vivo (Figs. 1 and 2) and
that the 2–115 amino acid region of HTLV-1 Tax (Fig. 1) and the
1–100 and 160–205 amino acid regions of PLSCR1 are involved in
this interaction (Fig. 2). Disorder prediction with the DISPROT
VSL2P analysis system indicated that the 1–100 amino acid region
of PLSCR1 is a long ID region (Fig. 2). ID regions are known to
confer conformational ﬂexibility that facilitates post-translational
modiﬁcations and enables a protein to functionally interact with
many cellular partners (Radivojac et al., 2007). PLSCR1 may
interact with other target proteins through this ID region. In
addition, Tax also contains a long ID region (76–121 amino acids),
and the PLSCR1-binding region (2–115 amino acids) of Tax over-
laps with this ID region (Boxus et al., 2008). This ID region of Tax
may alter its conformation so that it can interact with distinct
regions of PLSCR1. The ID regions of both proteins must play a key
role in this protein–protein interaction.
Because HTLV-1 transcriptional regulation is primarily regu-
lated by Tax (Nyborg et al., 2010), the functional consequences of
the PLSCR1Tax interaction on the Tax-dependent transactivation
of the HTLV-1 LTR were determined in vivo. In this report,
reporter analysis demonstrated that the overexpression of PLSCR1
effectively repressed whereas shRNA-mediated down-regulation
of endogenous PLSCR1 expression increased the Tax-dependent
transactivation of the HTLV-1 LTR (Fig. 4). The Tax-binding region
of PLSCR1 is sufﬁcient for this repression, but the amino-terminal
(1-100 amino acids) binding region of PLSCR1 exhibited the more
effective repression than the 160–250 region (Fig. 4). For efﬁcient
transcription from the HTLV-1 LTR, Tax needs to homodimerize
and recruit cellular transcription factors, such as CREB and CBP/
p300, to the target sequences in the 50LTR in HTLV-1 by direct
protein–protein interaction (Jin and Jeang, 1997; Boxus et al.,
2008; Simonis et al., 2012). This work revealed that the full-
length and amino-terminal binding region of PLSCR1 efﬁciently
repressed the homodimerization of Tax by an in vitro pull-down
assay (Fig. 5). Interestingly, the PLSCR1-binding region of Tax does
not contain a homodimerization domain (127–228 amino acids)
(Jin and Jeang, 1997; Boxus et al., 2008). However, PLSCR1
competes with a homodimerization domain of Tax for binding
to the full-length Tax. Because the PLSCR1-binding region of Tax
is located close to the homodimerization domain of Tax, the
amino-terminal ID region of PLSCR1 may bind to the monomeric
form of Tax and sterically interfere with Tax homodimerization.
Tax localizes in both the cytoplasmic and nuclear compart-
ments in HTLV-1-infected and Tax-transfected cells (Tsuji et al.,
2007). Tax contains an NLS (amino acids 1–55) and a nuclearexport signal (NES, amino acids 188–200), and Tax shuttles
between the cytoplasm and the nucleus through the interaction
with proteins involved in nuclear import and cytoplasmic export
(Boxus et al., 2008). This work revealed that PLSCR1 and Tax co-
localized in the nucleus, and PLSCR1 expression effectively
repressed the cytoplasmic localization of Tax (Fig. 3). Because
experiments with the proteasome inhibitor MG132 indicated that
PLSCR1 does not affect the stability of Tax (Fig. S3), this PLSCR1-
mediated reduction of the cytoplasmic distribution of Tax must
not be caused by the degradation of Tax. Interestingly, lower
levels of Tax were still detected in the cytoplasm of cells co-
expressing Tax and PLSCR1(1-163) or PLSCR1(160-250) (Fig. 3),
and it is suggested that the Tax-interacting regions of PLSCR1 are
not sufﬁcient for the effective repression of the cytoplasmic
localization of Tax. Because the NES of Tax is approximately 70
amino acids away from the PLSCR1-binding region, full-length
PLSCR1 must be required to effectively mask its NES.
Tax also contributes to the transformation of HTLV-1-infected
cells by modulating a wide variety of cellular signaling pathways
(Boxus et al., 2008; Simonis et al., 2012). In particular, the NF-kB
pathway is thought to play a central role in Tax-mediated cell
transformation (Grassmann et al., 2005). Tax stimulates both
canonical and non-canonical NF-kB signaling pathways by
directly interacting with several factors. These include the RelA
subunit of NF-kB, the IkB kinase complex (e.g., IKKa, IKKb and
NEMO/IKKg) of the canonical signaling cascade, and p100, a
precursor of the non-canonical pathway (Boxus et al., 2008).
Because Tax-mediated NF-kB activation requires the cytoplasmic
localization of Tax, the negative regulation of IkB through the
activation of the IkB kinase complex is thought to play an
important role in this activation (Nicot et al., 1998; Boxus et al.,
2008). This paper revealed that the Tax-binding region of PLSCR1
is sufﬁcient for repressing the Tax-dependent transactivation of
NF-kB, but the full-length PLSCR1 is required for effective repres-
sion. This pattern of Tax-dependent NF-kB activation is consistent
with the loss of the cytoplasmic localization of Tax (Figs. 3 and 6).
The reduced cytoplasmic localization of Tax must be important
for the PLSCR1-mediated repression of Tax-dependent NF-kB
activation.
This work revealed that PLSCR1 negatively regulates two
major functions of Tax, LTR transcription and NF-kB activation.
However, PLSCR1 expression is not signiﬁcantly induced in Tax-
producing HTLV-1-infected K3T cells in the presence of IFN (Fig.
S2). Tax inhibits the IFN signaling pathway through the induction
of suppressor of cytokine signaling protein (SOCS) 1 in T cells; the
NF-kB pathway is required for this Tax-mediated induction of
SOCS1 (Charoenthongtrakul et al., 2011). Interestingly, IFN treat-
ment inhibits HTLV-1 mRNA transcription and the cell cycle
progression of acutely HTLV-1-infected MOLT-4 T-lymphoma
cells (D’onofrio et al., 1995), and the IFN signaling pathway plays
an important role in the negative regulation of HTLV-1 during
primary and/or acute infection with HTLV-1. PLSCR1 may be a key
molecule for this IFN-mediated repression of HTLV-1 during
primary and/or acute infection with HTLV-1 through the repres-
sions of Tax-mediated LTR transcription and NF-kB activation.Material and methods
Materials. Antibodies to the myc-epitope tag (7D10), Alexa Fluor
488-conjugated anti-mouse IgG, and Alexa Fluor 555-conjugated
anti-mouse IgG were purchased from Cell Signaling Technology.
Antibodies to PLSCR1 (N-17) and actin (I-19) were purchased from
Santa Cruz Biotechnology. The HA-epitope tag (HA-7) antibody, the
anti-FLAG M2 antibody, the anti-FLAG M2 agarose beads, and
shRNA against human PLSCR1 (TRCN56271) and non-target shRNA
S. Kusano, Y. Eizuru / Virology 432 (2012) 343–352 351control (SHC002) were purchased from Sigma. The anti-Stag
antibody and S-protein agarose beads were purchased from Nova-
gen. The anti-G3PDH antibody was purchased from Trevigen. MT-2
total RNA and genomic DNA were prepared using the GenElute
Mammalian Total RNA Miniprep Kit (Sigma) and the GenElute
Mammalian Genomic DNA Miniprep Kit (Sigma), respectively.
Immunoblotting, cDNA preparation, PCR ampliﬁcation and sequen-
cing of all DNA constructs were performed as previously described
(Kusano and Eizuru, 2010; Kusano et al., 2011).
Construction of plasmids. PLSCR1 was cloned into the pcDNA3
vector (Invitrogen) with three myc-epitopes at the N-terminus to
produce 3M-PLSCR1, as previously described (Thornburg et al.,
2004). PLSCR1 mutant cDNA fragments encoding amino acid 1–
163, 160–250, 158–318, 1–100, 95–163, 160–205, and 200–250
were ampliﬁed by PCR from 3M-PLSCR1 and cloned into the
pcDNA3 with three myc epitopes at the N-terminus to produce
3M-PLSCR1(1-163), 3M-PLSCR1(160-250), 3M-PLSCR1(158-318),
3M-PLSCR1(1-100), 3M-PLSCR1(95-163), 3M-PLSCR1(160-205),
and 3M-PLSCR1(200-250), respectively. PLSCR1 and its mutant
cDNA fragments encoding amino acids 1–318, 1–163, 160–250,
and 158–318 were ampliﬁed by PCR from 3M-PLSCR1 and cloned
into the pcDNA3 with an S epitope at the N-terminus to produce
S-PLSCR1, S-PLSCR1(1-163), S-PLSCR1(160-250), and S-PLSCR1
(158-318), respectively. Three myc-epitope tagged PLSCR1 and
its truncation mutant cDNAs were ampliﬁed by PCR from
3M-PLSCR1, 3M-PLSCR1(1-163), 3M-PLSCR1(1-100), 3M-PLSCR1
(95-163), 3M-PLSCR1(160-250), 3M-PLSCR1(160-205), and 3M-
PLSCR1(200-250) and cloned into pTriEx-3-Hyg (Novagen) to pro-
duce pTE-3M-PLSCR1, pTE-3M-PLSCR1(1-163), pTE-3M-PLSCR1(1-
100), pTE-3M-PLSCR1(95-163), pTE-3M-PLSCR1(160-250), pTE-3M-
PLSCR1(160-205), and pTE-3M-PLSCR1(200-250), respectively.
PLSCR1 cDNA was ampliﬁed by PCR from 3M-PLSCR1 and cloned
into pET32a(þ) (Novagen) in frame with its trxA- and S-epitope tags
to produce pET-S-PLSCR1. Tax cDNA-encoding amino acids 2–353
was ampliﬁed by PCR from MT-2 cDNA and cloned into pcDNA3
with two HA epitopes, a 3 FLAG epitope and an S epitope at the
N-terminus to produce HA2-Tax, 3FG-Tax, and S-Tax, respectively.
Tax mutant cDNA fragments encoding amino acids 2–115, 116–250,
and 251–353 were ampliﬁed by PCR from HA2-Tax and cloned
into the pcDNA3 with two HA epitopes at the N-terminus to
produce HA2-Tax(2-115), HA2-Tax(116-250), and HA2-Tax(251-
353), respectively. Tax mutant cDNA fragments encoding amino
acids 2–115 was ampliﬁed by PCR from HA2-Tax and cloned into
the pcDNA3 with a 3 FLAG epitope at the N-terminus to produce
3FG-Tax(2-115). S-tagged Tax cDNA was ampliﬁed by PCR from
S-Tax and cloned into pTriEx-3-Hyg to produce pTE-S-Tax. Two HA
epitopes-tagged Tax mutant cDNA fragment encoding amino acids
116–250 was ampliﬁed by PCR and cloned into pTriEx-3-Hyg to
produce pTE-HA2-Tax(116-250). The HTLV-1 50LTR sequence was
ampliﬁed by PCR from MT-2 genomic DNA using the primers 50-
gcctcgagTGACAATGACCATGAGCCCC-30 and 50-ccaagcttTGTGTAC-
TAAGTTTCTCTCC-30 and cloned into pGL4.10 (Promega) to produce
MT-2-LTR-pGL4.10. The NF-kB-speciﬁc binding site-containing DNA
was isolated from pNFkB-SEAP (Clontech) by NheI-HindIII digestion
and cloned into pGL4.10 to produce NFkB-pGL4.10.
In vitro-transcription and -translation. The indicated amounts of
DNA were in vitro transcribed and translated using the TNT Quick
Coupled Transcription/Translation System (Promega) as pre-
viously described (Kusano et al., 2011).
Bacterial protein expression. Rosetta2 (DE3) cells (Novagen)
were transformed with the indicated plasmids, and the expres-
sion of the target proteins was induced in Overnight Express
Instant TB Medium (Novagen) following the manufacturer’s
instructions. The bacteria cells were lysed by sonication in CHAPS
lysis buffer containing a protease inhibitor (PI) cocktail (Kusano
et al., 2011). Lysates were clariﬁed by centrifugation, and lysateprotein concentrations were quantiﬁed as previously described
(Kusano et al., 2011).
Cell culture and transfection. COS-1 cells were maintained in
Dulbecco’s modiﬁed Eagle’s medium containing penicillin and
streptomycin (PS) and supplemented with 10% fetal bovine serum
(FBS) (Gibco BRL). For pull-down assays and subcellular fractiona-
tion, COS-1 cells (6105) were plated onto 60 mm cell culture
plates, and the indicated amounts of DNA were transiently
transfected using GeneJuice (Novagen) according to the manufac-
turer’s instructions. Forty-eight hours after transfection, cell
lysates were prepared for pull-down analysis as previously
described (Kusano and Eizuru, 2010; Kusano et al., 2011). COS-1
cells (5104 and 9103) were plated in each well of a 24-well
plate for a luciferase assay and an 8-well chamber slide for
immunoﬂuorescence analysis, respectively, and the indicated
amounts of DNA were transfected using GeneJuice. The Tax-
producing HTLV-1-infected T cell line K3T (Arima et al., 2004)
was maintained in RPMI-1640 supplemented with PS and 10%
FBS. K3T cells (1106) were electroporated with the indicated
amounts of DNA in 100 ml of Ingenio Electroporation Solution
(Mirus) according to the manufacturer’s instructions.
Pull-down assay. Equal lysate protein amounts of indicated
in vitro-translated reticulocyte lysates, bacterial lysates and/or
COS-1 cell lysates were pre-cleared using Protein A-Sepharose
beads for 1 h at 4 1C, and pull-downs were performed using
S-protein agarose beads and anti-FLAG M2 agarose beads to
precipitate S-tagged proteins and 3 FLAG-tagged proteins,
respectively. After 8 h at 4 1C, complexes were collected, washed
three times in CHAPS lysis buffer, and eluted in Laemmli SDS
sample buffer. Proteins were separated by SDS-polyacrylamide
gels and then transferred onto Fluorotrans W membrane (Pall).
Immunoblotting was performed using the indicated antibodies as
previously described (Kusano and Eizuru, 2010; Kusano et al.,
2011).
Immunoﬂuorescence analysis. Immunoﬂuorescence analysis was
performed as previously described (Kusano and Eizuru, 2010).
Subcellular fractionation. Forty-eight hours after transfection,
transfected cells were harvested and resuspended in ice-cold PBS,
and cell pellets were divided into two portions. One cell pellet
was lysed in RIPA buffer (Sigma) containing the PI cocktail to
obtain whole cell lysates, and cytoplasmic and nuclear fractions
were prepared from the other cell pellet using ProteoJET Cyto-
plasmic and Nuclear Protein Extraction Kit (Fermentas) according
to the manufacturer’s instructions. The total volume of the
obtained fractions was equalized by the addition of RIPA buffer.
Luciferase assay. The luciferase assay was performed using the
Dual-Luciferase Reporter Assay System (Promega) as previously
described (Kusano and Eizuru, 2010).Acknowledgments
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